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ABSTRACT: The aim of this study is to evaluate the effect of probiotic supplementation associated to different levels of 
crude protein (CP) on the count of intraepithelial lymphocytes (IELs) in the duodenum of meat quails. A total of 2304 quails 
were distributed in a completely randomized design in a 2 x 4 factorial scheme (with and without probiotic and four levels of 
CP - 15, 20, 25 and 30%), with two replicates per treatment in two experimental periods, in a total of 32 experimental units. At 
seven days old, two quails from each experimental unit were euthanized to harvest the duodenum segment. Semi-serial 7-μm 
histological sections were obtained, which were subsequently stained with hematoxylin-eosin to perform the IEL count. For 
the calculation, first 2500 epithelial cells were counted from the mucosa of each animal, and then the IELs present between 
these cells were counted, with the results expressed in amounts of IELs/100 epithelial cells. No differences were found in the 
IEL count among the treatments. Under the experimental conditions, it can be concluded that the use of probiotic associated 
to different levels of CP supplementation does not alter the IEL count in the duodenum of meat quails.
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LINFÓCITOS INTRAEPITELIAIS NA MUCOSA DO DUODENO DE CODORNAS DE CORTE RECEBENDO 
DIETAS CONTENDO OU NÃO PROBIÓTICO E DIFERENTES NÍVEIS DE PROTEÍNA BRUTA
RESUMO: O objetivo deste trabalho foi avaliar o efeito da suplementação de probiótico associado com diferentes níveis de 
proteína bruta (PB) sobre a contagem de linfócitos intraepiteliais (LIEs) no duodeno de codornas de corte. Um total de 2304 
codornas foram distribuídas em um delineamento inteiramente casualizado em esquema fatorial 2 x 4 (com e sem probiótico 
e quatro níveis de PB – 15, 20, 25 e 30%), com duas repetições por tratamento em dois períodos experimentais, totalizando 
32 unidades experimentais. Aos sete dias de idade, duas codornas de cada unidade experimental foi eutanasiada para colheita 
do segmento do duodeno. Cortes histológicos semi-seriados de sete μm foram obtidos, os quais foram posteriormente corados 
com hematoxilina-eosina para realização da contagem de LIEs. Para o cálculo, primeiro foram contados 2500 células epite-
liais da mucosa de cada animal, e então os LIEs presentes entre essas células foram contados e os resultados expressos como 
quantidade de LIEs /100 células epiteliais. Não foram encontradas diferenças entre os tratamentos na contagem de LIEs. Nas 
condições em que o experimento foi desenvolvido, conclui-se que o uso de probiótico associado a diferentes níveis de PB não 
altera a contagem de LIEs do duodeno de codornas de corte. 
PALAVRAS-CHAVE: Aves. Enterócitos. Linfócitos. Mucosa intestinal. Microbiota intestinal.
LINFOCITOS INTRAEPITELIALES EN LA MUCOSA DUODENAL DE CODORNICES DE ABATE 
RECIBIENDO DIETAS CON O SIN PROBIÓTICO Y DIFERENTES NIVELES DE PROTEÍNA BRUTA
RESUMEN: Esta investigación buscó evaluar el efecto de suplementos probióticos asociados a diferentes niveles de pro-
teína bruta (PB) sobre el contaje de linfocitos intraepiteliales (LIEs) del duodeno de codornices de abate. Un total de 2304 
codornices fueron distribuidas en un delineamiento enteramente casualizado en esquema factorial 2x4 (con y sin probiótico y 
cuatro niveles de PB – 15, 20, 25 y 30%), con dos repeticiones por tratamiento, en dos períodos experimentales, totalizando 
32 unidades experimentales. A los siete días de edad, dos codornices de cada unidad experimental sufrieron eutanasia, para 
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colecta de segmento del duodeno. Se obtuvo cortes histológicos semi seriados con sete μm, que fueron posteriormente colo-
rados con hematoxilina-eosina para realización de contaje de LIEs. Para el cálculo, primeramente se contó 2500 células del 
epitelio de la túnica mucosa de cada animal, y en seguida los LIEs presentes entre esas células, siendo los resultados expresos 
en cantidad de LIEs/100 células epiteliales. No hubo diferencias en el contaje de LIEs en función de los tratamientos. En 
las condiciones en que el experimento se realizó, se puede concluir que el uso de probiótico asociado a diferentes niveles de 
suplementos de PB no altera el contaje de LIEs en el duodeno de codornices de abate. 
PALABRAS CLAVE: Aves. Enterocitos. Linfocitos. Mucosa intestinal. Microbiota intestinal.
Introduction
Intestinal mucosal surfaces play a key role in the 
exclusion and elimination of potentially harmful dietary an-
tigens and enteric micro-organisms and, with the intestinal 
microflora, they are essential to maintaining healthy flocks 
and minimizing losses associated to various diseases and 
stressors (DALLOUL et al., 2003). Thus, the use of additives 
such as probiotics might benefit the animals, since, according 
to Fuller (1989), these are food additives constituted of live 
microorganisms capable of bringing benefits to the host by 
means of an equilibrium of the intestinal microbiota, admit-
tedly presenting immune-modulating effect (ERICKSON; 
HUBBARD; 2000; EDENS, 2003; LODDI, 2003; NG et al., 
2009). 
The bacterium genera present in probiotics directly 
related to the increase in immunity of poultry are Lactoba-
cillus and Bifidobacterium, mainly when related to disea-
ses affecting the gastrointestinal tract (ERICKSON; HUB-
BARD, 2000; MENTEN, 2002).
Several studies suggest that the immune-modula-
tory effect of probiotics takes place by means of interaction 
with dendritic cells, activation of macrophages, stimulation 
of T cells, increase in the production of immunoglobulins, 
antibodies and cytokines (OLIVEIRA et al., 2002; PAN-
CHENIAK, 2005). Particularly, bacterial colonization of the 
intestine and infection by enteropathogens have an impact on 
the number of intraepithelial lymphocytes (IELs) associated 
with the intestinal tract (SCHAREK et al., 2007). Intraepi-
thelial lymphocytes (IELs) are lymphocyte aggregates scat-
tered along the gastrointestinal tract intraepithelium together 
with lamina propria lymphocytes (LPL), forming the gut-
-associated lymphoid tissue (GALT) in chicken (SHARMA, 
1998), which play an important role in protecting against 
mucosal infections.
Thus, the objective of this study is to evaluate if 
probiotic supplementation to the diet of meat quails associa-
ted to different levels of crude protein alter the count of intra-
epithelial lymphocytes in the duodenum mucosa.
Material and Method
In this experiment, a total of 2304 meat quails distri-
buted in a completely randomized experimental design in a 2 
x 4 factorial scheme (with and without probiotic; four levels 
of crude protein – 15, 20, 25 and 30%) with two replications 
per treatment, in two experimental periods were used. 
The probiotic was provided, via feed, during seven 
days, containing an average of 1.6 x 109 Colony Forming 
Units (CFU) per gram from a pool of Lactobacillus sp, given 
in the dosage of 200 g ton-1 feed. 
Feeds were formulated according to the demands 
proposed by Barral (1994), and the composition of food, ac-
cording to Rostagno et al. (2005), in order to be isocaloric, 
with a varied level of crude protein. 
At seven days of age, two birds from each repetition 
(eight birds per treatment) were euthanized for the removal 
of the duodenal segment for the counting of intraepithelial 
lymphocytes (IELs) in the mucosa. After collection, the sam-
ples were rinsed in saline solution, fixed in bouin solution 
and later, dehydrated in series in an ascending concentration 
of alcohol, diaphanized in xylene and included in paraffin, 
according to the methodology described by Beçak and Pau-
lete (1976).
Longitudinal and semi-serial histological cuts with 
7-µm thickness were obtained, which were later dyed by 
the hematoxylin-eosin method. For counting, images were 
captured using a digital camera (Moticam 2000, 2.0 mega-
pixels®) attached to a trinocular light microscope equipped 
with an image-analyzing system (Motic Image Pro-Plus, v. 
2.0®). After capturing the images (40x lens), the IEL count 
was performed using an image analyzing system. First, 2500 
cells were counted from the mucous duodenum in each ani-
mal. Then, the IELs present within these cells were coun-
ted, and the results were expressed in the IELs/100 epithelial 
cells ratio. 
The statistical analysis was performed by means of 
Analysis of Variance for experiments in factorial schemes, 
using the statistics program SPSS v. 20.0.
Results and Discussion
There were no differences in the lymphocytes/epi-
thelial cells ratio from the duodenum of meat quails at seven 
days of age, receiving or not receiving probiotics associated 
to different levels of crude protein in feed (Table 1).
Table 1: Mean ± std. error for lymphocytes/enterocytes ratio 
in the duodenal mucosa of quails at seven days of age regar-
ding the protein level and probiotic supplementation.












Protein Level x Probiotic 0,054
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In mice, Roselli et al. (2009) found that the use 
of probiotics prevented colitis experimentally induced by 
intra-rectal administration of trinitrobenzene sulfonic acid 
(TNBS). The Mix1 (Lactobacillus acidophilus and Bifi-
dobacterium longum) protection was associated to a re-
duction in CD4(+) cells of IELs and LPLs (lamina propria 
lymphocytes), an increase in gamma delta T cells of IELs, 
and a decrease in gamma delta T cells of LPLs. Similarly, 
Scharek et al. have found that the population of intraepithe-
lial CD8+ T cells was significantly enhanced in the probiotic 
group of piglets receiving Bacillus cereus var. toyoi. Likewi-
se, Dalloul et al. (2003) have stated that birds on a probiotic 
diet had more IEL expressing the surface markers CD3, CD4, 
CD8, and α β TCR than those in the control diet.
One of the justifications for the absence of signifi-
cant results in relation to the IEL number in the present study 
might be the fact that the animals had been raised in optimum 
sanitary conditions, justified by the low mortality (1 - 2%), 
so that there were no stimuli for a greater proliferation of 
defense cells, such as IELs.
According to Havenaar and Spanhaak (1994), the 
immune-modulating effect of probiotics in poultry happens 
in two ways: (a) from the microbiota, in which the probio-
tic migrates along the intestine wall and is multiplied to a 
limited extension, or (b) the antigen released by the dead 
micro-organisms is absorbed and thus stimulates the immune 
system.
Chai and Lillehoj (1988) and Lillehoj (1989) found 
that IEL could participate in modulating intestinal immunity 
by both non-special immune mechanisms and special immu-
ne mechanisms, and the number of IEL might be associated 
with the immune-activating status.
Furthermore, Fuller (1986) emphasizes that the 
specificity of adhesion of lactobacilli (one of the most used 
probiotic genre in poultry) to epithelial cells is specific host 
and if the colonization is reached, it is essential to adminis-
ter bacteria that have been originated form the host species 
for which they are being given. In this paper, the probiotic 
used was produced from the isolation of Lactobacillus spp. 
originated from the microbiota of meat chicken. On the other 
hand, Schneity and Nutio (1992) shows that the natural mi-
crobiota of chicken and turkey provide reciprocal protection 
for chicks and poults.
Currently, manipulating the diet to provide an im-
provement in the immune system of meat poultry is seen as 
an alternative for many producers, since the lack of nutrients 
might decrease the immunological function of the bird, and, 
as a consequence, harm the performance and bring losses to 
the producer. Particularly regarding protein and amino aci-
ds, studies have shown the effects of dietary protein (JAHA-
NIAN, 2009), especially lysine (COSTA et al., 2001) me-
thionine (ZHANG; GUO, 2008) and arginine (KIDD et al., 
2001). However, in the present study, the effect of the protein 
on the count of IELs from the duodenum of meat quails was 
not found (Table 1).
On the other hand, in piglets, Gu and Li (2004) ve-
rified that dietary crude protein had a significant effect on the 
IELs of duodenum (p =0.053), proximal jejunum (p <0.05), 
distal jejunum (p =0.055) and ileum (p <0.05), which showed 
quadratic decrease as the dietary CP increased from 63 to 208 
g kg−1 diet. According to the authors, this may imply that 
CP208 treatment was suitable for the pig and that there was 
no need of surplus protein to activate the immune system of 
the intestine and lead to an increase in IELs.
Conclusions
Under the conditions in which the study was per-
formed, the use of probiotics associated to different levels 
of crude protein did not change the count of intraepithelial 
lymphocytes from the duodenum mucosa in meat quails.
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